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Abstract: Tree species diversity and population structure at different 
community types were described and analyzed for primary and secon¬ 
dary lowland moist deciduous forests in Tripura. Overall 10,957 individ¬ 
ual trees belonging to 46 family, 103 genera and 144 species were 
counted at >30 cm DBH (diameter at breast height) using 28 permanent 
belt transects with a size of 1 ha (10 m x 1000 m). Four different tree 
communities were identified. The primary forests was dominated by 
Shorea robusta (mean density 464.77 trees-ha -1 , 105 species) and Schima 
wallichii (336.25 trees-ha -1 , 82 species), while the secondary forests was 
dominated by Tectona grandis (333.88 trees-ha -1 , 105 species) and 
Hevea brasiliensis (299.67 trees-ha -1 , 82 species). Overall mean basal 
area in this study was 18.01m 2 -ha -1 ; the maximum value was recorded in 
primary Shorea forest (26.21 m -ha - ). Mean density and diversity indices 
were differed significantly within four different communities. No signifi¬ 
cant differences were observed in number of species, genera, family and 
tree basal cover area. Significant relationships were found between the 
species richness and different tree population groups across the commu¬ 
nities. Results revealed that species diversity and density were increased 
in those forests due to past disturbances which resulted in slow accumu¬ 
lation of native oligarchic small tree species. Seventeen species were 
recorded with <2 individuals of which Saraca asoka (Roxb.) de Wilde 
and Entada phaseoloides (L.) Merr. etc. extensively used in local ethno- 
medicinal formulations. The present S. robusta Gaertn dominated forest 
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was recorded richer (105 species) than other reported studies. Moraceae 
was found more speciose family instead of Papilionaceae and Euphor- 
biaceae than other Indian moist deciduous forests. Seasonal phenological 
gap in such moist deciduous forests influenced the population of Trachy- 
pithecus pileatus and capped langur. The analysis of FIV suggested a 
slow trend of shifting the population of Lamiaceae group by Moraceae 
species in secondary T. grandis L. dominated community. 

Keywords: diversity and stand structure; moist deciduous forest; species 
conservation; tree community types 

Introduction 

Deciduous forests are considered as one of the most endangered 
major tropical ecosystem (Janzen 1986). Fire susceptibility dur¬ 
ing the dry season allows more rapid exploitation and conversion 
of these forests when compared to evergreen forests (Goldammer 
1993). In the tropics, human settlements occur in areas of de¬ 
ciduous forests because of the more favorable climate. As ex¬ 
pected, there is a positive correlation between the degree of for¬ 
est disturbance and population density, while an inverse loga¬ 
rithmic relationship is observed between population density and 
the proportion of forested land (Bullock et al. 1995). In contrast 
to tropical rainforests, deciduous forests received relatively little 
scientific and political attention, whereas degradation and con¬ 
version of these forests are far more advanced (Bullock et al. 
1995; Rundel and Boonpragob 1995). Secondary tropical forests 
develop where previous primary vegetation has been destroyed 
(Richards 1955; Brown and Lugo 1990) or partly modified and 
originating from selective felling (Sips 1993). 

As primary forests have been increasingly kept as protected 
areas for environment and biodiversity conservation, the impor¬ 
tance of the estimated 850 million ha of degraded and secondary 
forests has grown considerably in relation to their potential for 
wood production, environmental functions and support for the 
livelihood of local people (ITTO 2002). Distinguishing plant 
communities has been at the heart of vegetation science for cen- 
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turies, with a traditional focus on the distribution, composition 
and classification of plant communities (Kashian et al. 2003). 
Because, plant communities are separated from each other based 
on indicator species in combination with a distinctive floristic 
composition (Dansereau 1960) and trees form the major struc¬ 
tural and functional basis of tropical forest ecosystem, can serve 
as robust indicators of changes and stressors at the landscape 
scale (Mishra 1968); which varies greatly from place to place, 
mainly due to variation in biogeography, habitat and disturbance 
(Whitemore 1993). 

Across the world, 25 hot-spots have been identified on the ba¬ 
sis of species endemism and degree of threat through habitat loss 
(Myers et al. 2000). Out of these, two are confined to India sub¬ 
continent i.e. Western Ghat and Sri Lanka & Indo-Burma. Tri¬ 
pura is the second smallest state of Northeast India and falls 
within the Indo-Burma hot-spot. So far, no quantitative research 
has been done to evaluate the plant diversity and stand structure 
across different forest types of Tripura state; although floristic 
investigation was carried out ca.40 years ago and published in 
the form of Flora in two volumes Deb (1981 & 1983). Some 
ethnobotanical studies were also conducted as the state is pre¬ 
dominated by 19 ethnic groups (Majumdar et al. 2006; Majumdar 
and Datta 2007 & 2009). 

In particular, quantitative information on tree species diversity 
and population structure across different forest formations were 
completely lacking for Tripura state. There was urgently need to 
generate information on compositional and structural attributes 
to update our existing strategies and thereby contribute knowl¬ 
edge to the understanding of the regional forest ecosystem for 
effective habitat management. In view of the above, the aim of 
this study were to: (1) firstly recognize the major tree communi¬ 
ties in the study area, (2) test the differences in tree species 
diversity indices and stand structure across primary and secon¬ 
dary forest formations, (3) estimate tree species richness in dif¬ 
ferent population groups and compare density-diameter classes 
distribution in different tree communities, (4) investigate distur¬ 
bance directly or indirectly influenced existing community com¬ 
position and structure, and (5) observe any possibility of 
changes in the family composition under the past disturbance 
regimes. 

Materials and methods 

Study area 

Tripura is the second smallest State of North-east India with 
10,491 km 2 geographical area and belongs to biogeographic zone 
9B. The study area covers part of South and West districts, oc¬ 
curs between 23°30-23°44' N, and 91°15-91°28' E (Fig. 1). 
The elevation of the study sites range between 17 m to 83 m 
above mean sea level. The climate of this area is generally moist 
and humid. The minimum and maximum temperatures in sum¬ 
mer are 21°C and 38°C. In winter it ranges between 4°C and 33°C. 
Humidity is generally high throughout the year. In the summer 
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season the relative humidity differs between 50%-74% whereas 
in the rainy season it is over 85%. The mean wind speed is 7.1 
km/hr, with maximum of 13.1 km/h in May and minimum of 3 
km/h in December. The average annual rainfall varies between 
1922 mm to 2855 mm and increased from South-west to North¬ 
east. The soil type of the study area is mainly red loam and sandy 
loam soils. The recorded forest area of the State is 6,294 km 2 . 
Reserved Forest constitutes 66.33%, Protected Forest 0.03% and 
Unclassified Forests 33.64% of the total forest area. About 60% 
of the State’s geographic area is under recorded forests (Anony¬ 
mous 2009). 



Fig. 1 Location of the study area in West and South Tripura, North¬ 
east India. 

Based on classification system proposed by Champion & Seth 
(1968), Deb (1981) and Anonymous (2009) the existing pri¬ 
mary native forests of Tripura can be classified mainly in four 
types viz. Cachar Tropical Semi Evergreen Forest (2B/2s2/c2), 
Moist Mixed Deciduous Forest (3C/C3), East Himalayan Lower 
Bhabar Sal (3C/Clb (ii) and Moist Bamboo Brakes (2B/E3). The 
secondary forests can be categorized into the degraded form of 
Northern Secondary Moist Mixed Deciduous Forest (3C/2sl), 
Low Alluvial Savanna Woodland (3B/E3) and Secondary Moist 
Bamboo Brakes (2B/1S1). While, the State is inhabited by 19 
different types of ethnic groups (Anonymous 1956) and shifting 
cultivation is deeply integrated into the social, cultural, and eco¬ 
nomic lifestyle of many tribal groups that constitute about 31% 
of the total population of the state. Out of a total of 55,049 Jhu- 
mia (shifting cultivator) households all over the State, 21,677 
(39.3%) are entirely dependent on Jhuming , and the remaining 
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60.7% are partly dependent (Gupta 2000). Thus, Jhuming and 
several other anthropogenic factors enhanced the modification of 
those primary forests wholly or partially into secondary degraded 
vegetation. However, several types of plantation viz. Tectona 
grandis , Gmelina arborea , Sizygium spp., Hevea brasiliensis , 
Cassia spp., Lagestromia spp., Shorea robusta , Dipterocarpus 
turbinatus , Anacardium occidetalis etc. and several bamboo 
species were developed slowly by Forest Department since 1887 
for rehabilitation of degraded forest (Chakraborty 1985; Anony¬ 
mous 2000). Thus, the rehabilitated forests are now representing 
the features of northern secondary moist mixed deciduous forest, 
especially the miscellaneous plantation with native trees. The 
low alluvial savanna woodland represents especially the planta¬ 
tions developed by monoculture on degraded land. Extensive 
jhuming and bamboo flowering in many moist bamboo brakes 
resulted at different succession level into secondary moist bam¬ 
boo brakes. 

The native moist deciduous Sal forest is distributed exten¬ 
sively in the South district and part of West district extending to 
the border of Bangladesh. The present study area covered a large 
portion of this forest types which included four Reserved Forests 
(RF) viz. Garji RF, Chandrapur RF, Radhakishorepur RF and 
Kanchigang RF; located in Bagma, Joyalikhamar, Kalabon, Te- 
pania, Chailtachara of South Tripura district and Motinagar, 
Charilum, Latiachara, Champamura, Jumerdhepa, Mohanbog, 
Kuffilong and Ratanpur of West Tripura district. The moist de¬ 
ciduous mixed forests cover very large area of the State and dif¬ 
fer from the moist deciduous Sal forest on the absence of Sal or 
its scarcity, which dominated by S. wallichii surveyed in four 
location viz. Silghati, Nowagong of South Tripura and Hirapur, 
I.C.Nagar of West Tripura district. Instead of Teak is indigenous 
to India, Myanmar, Thailand, Laos and well developed within 
temperature ranges between 9^11 °C with annual rainfall of 
1300-3 800mm and dry periods of 3-5 months (White, 1991). 
While, teak might be introduced in Tripura during National 
Aforestation Programme (Chakraborty 1985; Anonymous 2000) 
for quick restoration of those degraded forests. The present study 
area falls within its wide geographic distribution range and the 
primary populations develop heritable adaptations to local envi¬ 
ronmental factors in order to survive and regenerate in degraded 
forest. The present study included eight Teak dominated forests 
located in Kalsimura, Madhupur, Haikantapara, Khedabari, Putia, 
Kulubari, Rangapania of West Tripura district and Killa of South 
Tripura district. H. brasiliensis was first introduced in Tripura on 
experimental basis during 1912 and since 1960 it did not receive 
much response and thereafter its large scale plantation started 
(Deb 1981) and revolutionary increased during last ten years 
under both private and public sectors. The Hevea plantation be¬ 
ing totally monoculture by completely clearing previous forest 
stands and managed regularly for latex collection, so the inside 
tree diversity is very low with few scattered A. procera, A. 
chinensis, A. chama etc. and left for shade and timber require¬ 
ments. But adequate tree diversity still exists at the marginal 
fragmented forests. This group of tree community was sampled 
at Nayachara of South Tripura; Rangmala and Tujhiling of West 
Tripura district (Fig. 1). 


Field data collection 

Tree community data were collected during 2007 to 2008 from 
28 permanent belts transects at >30 cm diameter over bark at 
breast height at 1.3 m (DBH). Each belt transect was 1 ha (10 x 
1000 m), encompassed ten 10 x 100 m contiguous sub-plots and 
placed in such way that it can cover maximum habitat heteroge¬ 
neity of tree community. Thus, data were obtained from total 28 
ha which represented two primary major tree communities of S. 
robusta dominated moist deciduous forest (13 ha) and S. wal¬ 
lichii dominated moist mixed deciduous forest (4 ha). The sec¬ 
ondary groups were old T. grandis plantation developed by the 
Forest Department on degraded forests (8 ha) and 10-12 years 
old H. brasiliensis plantation including its adjacent fragmented 
forests (3 ha). Teak and Para-rubber plantations were selected as 
secondary tree communities for the study being the existing ma¬ 
jor plantation landscape of the State. As Para-rubber plantation 
is totally monoculture, so the belt transect was placed in such 
way that it could give a clear idea of the present status of tree 
diversity inside the plantation and its marginal forest patches. 
The Bamboo and Musa species eschewed during the sampling. 
The woody climber that attained at >30 cm diameter category 
was also considered as tree. The GPS location of each transects 
were noted and all individual trees diameter were measured in 
centimeter and height at nearest meters in living and non-living 
categories. The non-living categories included cut or logged and 
dead trees. Specimens were identified with the help of The Flora 
of Tripura State (Deb 1981-1983) and the Flora of Assam (Kan- 
jilal et al. 1934-1940). The reference herbarium was deposited in 
herbarium of Botany Department, Tripura University. 

Analysis 

The tree community data were quantitatively analyzed for rela¬ 
tive frequency, relative density, relative basal area and Impor¬ 
tance Value Index (IVI) following Mueller-Dombois and Ellen- 
berg (1974). Species diversity for each forest type was deter¬ 
mined as Shannon and Weiner (1963) and the index of domi¬ 
nance of the community was calculated by Simpson (1949). The 
index of species richness was measured by Menhinick (1964) 
and evenness of the community was calculated by Pielou (1966). 
The number of individuals and richness of tree species were 
grouped into different population groups viz. Predominant (>50), 
Dominant (25 to <50), Common (10 to <25), Rare (2 to <10) and 
Very Rare (<2) (Kadavul and Parthasarathy 1999). The tree den¬ 
sity was also grouped among different diameter classes (>30-60, 
60-90, 90-120, 120-150, 150-180, 180-210, 210-240, 240-270, 
>270 cm) to observe distribution of trees among different diame¬ 
ter or age classes. The number of cut or logged and dead trees 
was counted as the percentage of total number of trees ha -1 for 
quantitative disturbance index (Rao et al. 1990; Pandey and 
Shukla 1999). The Family Importance Value (FIV) was deter¬ 
mined as Ganesh et al. (1996). The significance of differences in 
diversity indices, density and basal area among the four commu¬ 
nities were statistically tested using one-way analysis of variance 
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(ANOVA) and F-test. The relationship between the species rich¬ 
ness (y) and number of individual in different population groups 
(x) were examined by curve fitting. The patterns of major family 
composition and tree community types were examined across 28 
plots using non-metric multidimensional scaling (NMS) ordina¬ 
tion based on Gower similarity. All statistical analysis was per¬ 
formed by PAST version 1.89 (Hammer et al. 2001). 

Results 

Overall tree species richness and diversity 

Altogether, within 28 belt transect inventory totally 10,957 indi¬ 
viduals were counted at >30 cm DBH and 144 tree species of 
103 genus and 46 families were recorded. The observed number 
of species was recorded greatest both in primary Shorea commu¬ 
nity (105 species; 39 families) and secondary Teak community 
(105 species, 40 families). The primary Schima dominated com¬ 
munity had 82 species belonging to 37 families and 63 species 
with 29 families from secondary Hevea dominated community. 
The number of observed species (F= 2.35, df=3, 24; p=0.09), 
genus (F= 2.03, df=3, 24; p=0.13) and family (F=2.12, df=3, 24; 
p=0.12) in four community types did not vary significantly. Fur¬ 
thermore, results of the Ntest also suggested that number of spe¬ 
cies (t =2.23, df=19; p= 0.04) was significantly greater in primary 
Shorea community than secondary Hevea community and num¬ 
ber of family (t =2.21, df=9; p=0.05) was significantly greater in 
Teak community than Hevea community (Table 1). Mean Shan¬ 
non’s diversity was 3.00 (range 1.76 to 3.57), which was maxi¬ 
mum in case of secondary Teak community (3.39) and recorded 
minimum in case Shorea community (2.75). The overall mean 
Menhinick’s species richness index was 1.49 (range 0.54 to 2.12), 


which was greatest in Teak community (1.88) and lowest in pri¬ 
mary Shorea community (1.22). However, Shannon-Wiener 
diversity (F =4.12, df=3, 24; p=0.01) differed significantly 
among the tree community types and more significant between 
Shorea and Teak communities (t =3.17, df=19; p=0.005), Teak 
and Hevea communities (t =2.66, df=9; p=0.03). Menhinick’s 
species richness (F =4.92, df=3, 24; p=0.008) also differed sig¬ 
nificantly among the studied communities and greater in case of 
Shorea and Teak communities (t =3.46, df=19; p=0.002). Mean 
Simpson’s dominance index was 0.10 (range 0.04 to 0.30), 
which was maximum in both Shorea and Hevea community 
(0.13) and minimum in case of secondary Teak community 
(0.05); which did not show significant difference (F=4.12, df=3, 
24; p=0.06) within communities but significantly differ between 
Shorea and Teak communities (t =2.67, df=19; /?=0.01). The 
overall Pielou’s evenness index was 1.88 (range 1.46 to 2.10); 
which recorded high in secondary Teak community (2.03) and 
low in case of Shorea community (1.77), (t =3.31, df=19; 
p=0.004); which was significantly differed among the communi¬ 
ties (F=5.07, df=3, 24; p=0.007). The overall mean stand density 
was recorded 391.32 trees ha -1 (range from 199 to 667 trees-ha -1 ) 
and was significantly greater (F=3.18, df=3, 24; p=0.04) in pri¬ 
mary Shorea community (464.77 ha -1 ) than that in secondary 
Hevea community (299.67 ha -1 ). Whereas, density of Schima 
and Teak communities were significantly lower than primary 
Shorea community ( t =2.31, df=19; /?=0.03 and t =2.05, df=14; 
p= 0.05 respectively) (Table 1). Mean basal area for all four 
groups was recorded 18.01 m 2 -ha -1 and was maximum for Sho- 
rea community (26.21 m -ha ) and minimum in case of Hevea 
community (10.57 m -ha ) which did not vary significantly 
among the tree community types (F =1.73, df=3, 24; /?=0.18); 
but significantly greater in Shorea community than Hevea com¬ 
munity (t =2.53, df=19; p=0.02) (Table 1). 


Table 1. Summary of forest structure across all plots in four different tree community types in Tripura 


Tree 

Commu¬ 

nity 

types 

No. of belt 

transects 

(n) 

Observed 

Species 

Genus 

Family 

Density 

(trees-ha’ 1 ) 

Basal area 
(nf-ha’ 1 ) 

Shannon’s 

Diversity 

Index 

Simpson's 

Dominance 

Index 

Pielou's 

Evenness 

Index 

Menhinick’s 

Speciess 

Richness 


Sal domi- 

1 7 

37.15 ± 11.04 

34.08 ±9.56 

23 ± 

464.77 ± 118.69 

26.21 ± 

2.75 ± 

0.13 ± 

1.77 ± 

1.22 ± 

Primary 

nated 

1 J 

(105)a 

(79) a 

4.73 (39)ab 

(6042)a 

24.82a 

0.46a 

0.07a 

0.18a 

0.34a 

Forest 

Schima 

A 

40 ±3.92 

35.75 ±3.40 

24.25 ± 

336.25 ± 123.19 

11.47 ± 

3.12 ± 

0.08 ± 

1.95 ± 

1.59 ± 


dominated 

4 

(82)ab 

(64)a 

1.50 (34)ab 

(1345)ab 

3.16ab 

0.28ab 

0.04ab 

0.14ab 

0.26ab 


Teak 

Q 

47 ±4.31 

41.13 ±2.95 

26.25 ± 

333.88 ± 112.67 

10.76 ± 

3.39 ± 

0.05 ± 

2.03 ± 

1.88 ± 

Secondary dominated 

o 

(105)b 

(78)a 

1.28 (38)a 

(267 l)b 

2.32b 

0.17b 

0.02b 

0.07b 

0.27b 

Forest 

Havea 

o 

33.33 ± 15.82 

29.67 ±12.10 

20.33 ± 

299.67 ± 127.47 

10.57 ± 

2.85 ± 

0.13 ± 

1.90 ± 

1.49 ± 


dominated 

D 

(63)ab 

(52)a 

5.69 (28)b 

(899)b 

5.58ab 

0.75a 

0.12ab 

0.22ab 

0.83ab 




39.96 ± 10.13 

35.86 ±8.31 

23.82 ± 

391.32 ± 131.91 

18.01 ± 

3.00 ± 

0.10± 

1.88 ± 

1.49 ± 


Overall 

28 













(144)ab 

(103)a 

4.06 (46)ab 

(10957)ab 

8.4 lab 

0.48a 

0.07ab 

0.19a 

0.46a 


Classification of tree community 

Based on maximum contribution to IVI, the following major four 
tree communities have been recognized. The primary tree com¬ 
munity consists of moist deciduous forests dominated by S. ro- 
busta and moist mixed deciduous forests dominated by S. wal- 
lichii. The secondary communities were grouped based on two 
major old plantations dominated by T. grandis and H. brasilien- 
^ Springer 


sis. 

S. robusta dominated community (Shorea community) 

This primary native tree community was characterized by moist 
deciduous forest and dominated by S. robusta , which was repre¬ 
sented by 13 belt transects. A total of 6,047 individual trees with 
mean density of 464.77 trees -ha -1 (range 310-667 trees-ha -1 ) 
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were counted at >30 cm DBH. The mean basal area was 26.21 
m 2 -ha -1 (range 10.59-101.68 m 2 -ha -1 ). A total of 105 species of 
79 genus and 39 families was recorded. The mean Shannon- 
Wiener diversity was recorded 2.75 (range 1.76-3.37); whereas 
the mean Simpson dominance was 0.13 (range 0.05-0.03), 
Pielou evenness index (1.77) and species richness (1.22) was 
recorded (Table 1). The top storey canopy of this association was 
dominated by S. robusta , C. arborea , T. bellirica , D. pentagyna , 
S. personation, B. ceiba and occasionally A. chama and D. turbi- 
natus were also found. The mid storey canopy was dominated by 

L. parviflora, L. coromandelica , S. cerasoides , A. procera , A. 
chinensis and occasionally by A. acuminata. The under storey 
was dominated by M. paniculata , H. anidysenterica , B. retusa , M. 
rotundifolia , V. peduncularis , C. castanicarpus , M. phillippensis , 

M. denticulate etc. S. robusta had highest density (156.85 
trees-ha -1 ) followed by C. arborea (25.92 trees-ha -1 ) and basal 
area for S. robusta and C. arborea was 9.66 m 2 -ha -1 and 3.44 
m 2 -ha -1 , respectively. The top ten predominant species contrib¬ 
uted 64.70% of total density and 74.81% of the basal area. 
Maximum IVI was recorded for S. robusta (70.66) and 163 for 
top ten predominant species (Appendix-I). 

S. wallichii dominated community (Schima community) 

The second primary group of tree community was moist mixed 
deciduous forest and based on the absence of Sal it was separated 
from the previous type. This community represented 82 species 
belonging to 64 genus and 34 families. A Total 1,345 individual 
trees were counted with mean density of 336.25 trees -ha -1 (range 
271-521 trees ha -1 ) and mean basal area was 11.47 m 2 -ha -1 
(range 7.52-14.37 m-ha ). The mean Shannon -Weiner diver¬ 
sity was 3.12 (range 2.77-3.43); Simpson’s dominance was re¬ 
corded 0.08 (range 0.05-0.15) and the mean Pielou evenness was 
1.95 and Menhinick’s species richness was 1.59 (Table 1). The 
canopy storey of this community was not prominent and S. wal¬ 
lichii was predominant tree. The top storey canopy was unevenly 
about 20-25 m high; S. wallichii, T. bellirica , C. arborea , D. 
pentagyna , L. parviflora etc. and occasionally A. chaplasaha and 

S. cerasoides etc. were the dominant tree species. The mid storey 
was dominated by B. malabrica , L. coromandelica , V. peduncu¬ 
laris, etc. The lower storey was colonized by H. antidysenterica, 
G. assamica and M. paniculata, etc. The ten top most dominant 
tree species were S. wallichi , B. malabarica , T. bellirica , C. ar¬ 
borea , H. anidysenterica , L. coromandelica , L. parviflora , S. 
cerasoides , G. assamica and M. paniculata, occupying 57.39% 
density and 62.41% of basal area. Alone S. wallichi had a density 
of 85.25 trees -ha -1 and the basal area of 3.65 m 2 ha -1 followed by 
B. malabarica 21 trees -ha -1 and 0.55 m 2 ha -1 . The top ten pre¬ 
dominant species contributed IVI of 155.94 and alone S. wallichi 
had 64.30 followed by B. malabarica (14.66), C. arborea (12.71), 

T. bellirica (1 \.63) andL. coromandelica (11.02) (Appendix-I). 

T. grandis dominated community (Teak community) 

This group of secondary tree community represented secondary 
T. grandis dominated community. The present Teak community 


was degraded form of primary forest where major parts were 
modified approx. 35^10 years ago by the Forest Department. A 
total of 8 ha plot included 105 species belonging to 78 genus and 
38 families. Total 2,671 individuals were measured with mean 
density of 333.88 ha -1 (range 199-552 trees-ha -1 ) and mean basal 
area recorded 10.76 m 2 -ha -1 (range 7.16-14.57 m 2 -ha -1 ). The 
mean Shannon -Weiner diversity was 3.39 (range 3.01-3.57), 
Simpson’s dominance was recorded 0.05 (range 0.04-0.10), 
mean Pielou evenness was 2.03 and Menhinick’s species rich¬ 
ness was recorded 1.88 (Table 1). The canopy layers of this as¬ 
sociation were not conspicuous and the upper storey was domi¬ 
nated by T. grandis, T. bellirica, L. coromandelica, A. acuminata, 
L. parviflora, M. rotundifolia etc. and H. antidysenterica , B. 
malabarica , M. paniculata and M. philippensis etc. forming the 
subcanopy layers. T. grandis had a higher density of 37 trees-ha -1 
and a basal area of 1.17 m 2 -ha -1 followed by H. anidysenterica 
(30.62 trees-ha -1 density and 0.52 m 2 -ha -1 basal area). The top 
ten predominant trees encompassed 44.81% of total density and 
50.07% of total basal area. About 11.01% density of this com¬ 
munity was predominated by T. grandis , followed by 9.17% H. 
anidysenterica , 4.90%, 4.86% and 3.70% by T. bellirica , L. 
coromandelica and L. parviflora, respectively. The top ten pre¬ 
dominant trees had IVI of 127.07; of which alone T. grandis had 
26.44 followed by H. antidysenterica (18.16), A. chama (15.87), 
T. bellirica (13.63) and L. parviflora (11.50) (Appendix-I). 

H. brasiliensis dominated community (Hevea community) 

This group of secondary tree community represented the de¬ 
graded form of moist mixed deciduous forest where a major part 
of such forest fragments were replaced with extensive Para- 
rubber plantation. A total of 899 individual stem of 63 species, 
52 genus, and 28 families with mean density of 299.67 
stems-ha -1 (range 199-443 stems-ha -1 ) and basal 10.57 m 2 -ha -1 
(range 5.90- 6.75 m -ha ) were recorded from this community. 
The mean Shannon-Weiner diversity was 2.85, whereas Simp¬ 
son dominant index was 0.13, Pielou evenness was 1.90 and 
Menhinick’s species richness was 1.49 (Table 1). Alone, H. bra¬ 
siliensis represented 36.81% of total density (110.33-ha -1 ) and 
44.95% of total basal area (4.75 m 2 -ha -1 ). The marginal frag¬ 
mented forests of this community still had valuable tree diversity 
and canopy storey was more or less similar to the moist mixed 
deciduous communities. A. chama, L. coromandelica, L. par¬ 
viflora , H. anidysenterica, T. bellirica, S. cerasoides, M. panicu¬ 
lata, C. arborea etc. were found scattered within this community. 
The top ten predominated trees contributed 70.85% of density 
and 75.45% of basal area. The top ten predominant tree had IVI 
of 183.27; of which 88.73 was for H. brasiliensis followed by A. 
chama (15.59), L. coromandelica (14.67), L. parviflora (13.76) 
andH. anidysenterica (10.55) (Appendix-I). 

Tree community dominance and rarity 

For primary Shorea community the predominant group repre¬ 
sented 25 species with 86.06% of total individuals, 12 dominant 
species with 7.16% individuals, 13 common species with 3.59% 
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individuals, 39 rare species with 2.91 individuals and 16 very 
rare species with 0.26% individuals. In case of Schima commu¬ 
nity both the predominant and dominant groups had only six 
species each with 48.55% and 15.09% of total individuals re¬ 
spectively, 20 common species contributed 22.60% of individual, 
rare 13.16% with 42 species and very rare 0.59% with eight spe¬ 
cies. The predominant group in secondary Teak community con¬ 
tributed 55% with 14 species, dominant 19 species with 25.72%, 
common 12.24% with 20 species, and rare 6.44% with 36 spe¬ 
cies and very rare represented 0.60% with 16 species. In Hevea 
community the predominant group had only two species with 
42.71% of total individuals, seven species represented the domi¬ 
nant group with 26.59%, eight species were found common with 
12.68%, 36 species represented rare group with 16.91% and 


1.11% individuals were very rare group with 10 species. The 
relationship between the number of individuals and species in all 
four communities were positively correlated among five groups. 
The number of individuals and species richness within the pre¬ 
dominant groups showed significant quadratic relationship 
among the four different tree communities (r 2 adj =0.99; p<0.05) 
(Fig. 2a). While for the dominant (r 2 adj =0.99; /><0.001) and very 
rare (r 2 adj = 1; /?<0.001) groups the individuals were linearly re¬ 
lated with species richness within four different tree communities 
(Fig. 2b & 2e). Linearly increasing pattern was also found be¬ 
tween the individual and species richness in case of common 
group (r 2 adj =0.98; p<0.05); but in case of rare group this relation 
was curvilinear and not significant (r 2 adj =0.93; p>0.05) (Fig. 2c 
& 2d). 



a 






Number i>nndi.vidual 


Fig. 2 Relationship between species richness and individual in four different tree communities. Individual are grouped into a. Predominant, b. 


Dominant, c. Common, d. Rare and e. Very Rare. 


Tree community stand structure and diameter class distribution 

All four tree communities exhibited multimodal tree size struc¬ 
ture with monotonically increased concentration of trees in the 
smallest diameter class and with increasing tree diameter classes 
the number of stem decreased drastically at >120 cm in all com¬ 
munities except for Shorea dominated community. The size 
classes distribution of trees among the four communities exhib¬ 
ited reverse J-shaped (Fig. 3). Tree density of smallest diameter 
class of >30-60 cm was greater (63.42%) in secondary Teak 
community followed by 63.30% in primary Schima community, 
58.36% in primary Shorea community and lowest (49%) in 
Hevea community; this proportion decreased with increasing 
tree size classes. Density of trees in highest diameter class (>300 
cm) was maximum in Shorea community (0.55%; 2.54 trees-ha -1 ) 
followed by Schima community (0.37%; 1.25 trees-ha -1 ), Teak 
dominated secondary stands (0.11%, 0.38 trees-ha -1 ) and Hevea 
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dominated secondary stands (0.11%, 0.33 trees-ha -1 ). All diame¬ 
ter classes were observed to present in case of Shorea community 
and Teak dominated community, but diameter classes >210 cm 
and 240-270 cm were completely absent in case of Hevea and 
Schima dominated communities respectively. The density of 
mature trees (>120 cm) were highest in case of Shorea domi¬ 
nated community (49 trees-ha -1 ) followed by Schima (8.25 
trees-ha -1 ), Teak (7.88 trees-ha -1 ) dominated forest and lowest in 
Hevea dominated community (5 trees-ha -1 ). 

Disturbance Index (DI) 

Overall 57.24 trees-ha -1 were recorded as logged and 9.73 
trees-ha -1 were in dead condition and hence total DI value was 
recorded 18.78 for whole study. Maximum DI was recorded for 
secondary Teak community (5.09) and was low for primary Sho¬ 
rea community (4.37). Maximum number of logged trees were 
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recorded in secondary Teak community (4.61%) followed by 
3.94% in primary Schima community, 3.79% for Shorea com¬ 
munity and 3.67% for Hevea community. Whereas, maximum 
number of dead trees were recorded for Hevea community 
(0.89%) followed by Schima community (0.82%), Shorea com¬ 
munity (0.58%) and Teak community (0.49%) (Table 2). 


Primary Forest 



Secondary Forest 



contributed 27 species, where Moraceae (8) was the most indi¬ 
vidualized family. About 52.49% of total density was repre¬ 
sented by Theaceae (25.35%) followed by Euphorbiaceae 
(9.66%), Caesalpinaceae (6.24%), Combretaceae (5.65%) and 
Myrtaceae (5.57%). Theaceae contributed 31.84% of total basal 
area and top five predominant families contributed sum of FIV 
139.48. Lamiaceae was the most densities family with 14.98% of 
total individuals followed by Moraceae (9.80%), Apocynaceae 
(9.39%) and Euphorbiaceae (8.66%) respectively for secondary 
Teak community. About 52.07% of the total basal area was rep¬ 
resented by top five predominant families with contribution to 
FIV of 131.48. Out of 63 species, 23 species belong to top five 
predominant families in secondary Hevea community. Euphor¬ 
biaceae was the most densities family with 41.15% of individuals 
and 47.31% of the total basal area represented by top five fami¬ 
lies and shared 179.31 sum of the total FIV (Appendix-II). 

The NMS ordination of the 46 families using 28 plots across 
different tree community types by Gower similarities on species 
richness, density and basal cover area acquiesced two dimen¬ 
sional solution with a minimum stress value of 0.05 (Fig. 4 ). 
Four different tree community types could be distinguished in 
the ordination based on representative predominant family (Dip- 
terocarpaceae for Shorea community, Theaceae for Schima 
community, Euphorbiaceae for Hevea community and Moraceae 
for Teak community) with axes scores of all 46 families (Appen¬ 
dix-II). Out of 46 families, 31 families positively and 15 families 
placed negatively on axis-I; 17 families negatively and 29 fami¬ 
lies placed positively on axis-II. 


Fig. 3 Density-diameter distribution of tree population in four dif¬ 


ferent communities of primary and secondary forests, (a. Shorea 

community, b. Schima community, c. Teak community, d. Hevea com- 

. Moraceae 

mumty.) 


Table 2. Disturbance Index (DI) in four different tree communities of 
Tripura. 
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Variation in tree family compositions and Family Importance 
Value (FIV) 

Overall 46 families were recorded for the present study. Primary 
Shorea community had maximum 39 families followed secon¬ 
dary Teak community (38), Schima community (34) and Hevea 
community (28). For Shorea community family Moraceae con¬ 
tributed maximum species richness (12). The top five predomi¬ 
nant families contributed 61.96% of total density for Shorea 
community and predominated by Dipterocarpaceae (36.24%), 
Lamiaceae (6.81%), Moraceae (6.58%), Combretaceae (6.55) 
and Euphorbiaceae (5.75); which shared 163.31 of the sum of 
FIV. In case of primary Schima community the top five families 


Fig. 4 NMS ordination of 46 families based on species richness, den¬ 
sity and basal cover area from four different tree communities of 
primary and secondary forest of Tripura. 

Discussion 

Tree community types and diversity 

The present analysis of low land moist deciduous forests in the 
study area identified four major tree communities predominated 
by four different deciduous trees. However, the comparison of 
present analysis with other tropical forests may have been af- 
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fected due to differences in sampling methodology, forest age, 
geographical, climatic and other local biotic factors. The number 
of observed species, genus and families did not vary significantly 
under four different tree communities due to plots proximity and 
less habitat heterogeneity in terms of mean annual rainfall and 
other edaphic factors. Because, formation series, edaphic factors 
as well as annual rainfall are responsible for differences in forest 
structure (Beard 1955). Total 144 species belonging to 103 genus 
and 46 families were recorded within the 28 ha plot and range 
63-105 species from primary to secondary forest formations. 
The present range of species was higher than the range (35-90) 
reported for dry tropics (Murphy and Lugo 1986). Since, species 
diversity doubles from dry to moist forest (Holdridge 1967) and 
the present forest types range from moist deciduous to moist 
mixed deciduous forests. The overall mean tree density 391.32 
trees-ha -1 (range 199-667 trees-ha -1 ) at >30 diameter class was 
well within the limit of tropical forests 245-859 trees-ha -1 (Rich¬ 
ards 1955; Ashton 1964; Campbell et al. 1992) and mean basal 
area 18.01 m 2 -ha -1 was very close to basal area of dry tropics 17- 
40 m 2 -ha -1 (Murphy and Lugo 1986), 24.2 m 2 -ha -1 (Poore 1968), 
25.5 to 27 m 2 -ha -1 (Campbell et al. 1986 and 1992), 27.6 to 32 
m 2 ha -1 and pantropical average of 32 m 2 ha -1 (Dawkins 1959). 
The diversity indices were also well with in the reported range 
for the forests of the Indian sub-continent (Jha and Singh 1990; 
Ayyappan and Parthasarathy 1999; Chittibabu and Parthasarathy 
2000; Pandey and Shukla 2003; Bhuyan et al. 2003; Kumar et al. 
2006). 

Uma Shankar (2001) reported Shorea forest as species rich in 
Eastern Himalayan region. The present species richness in Sho¬ 
rea forest with 105 species was higher than Eastern Himalayan 
(87) and Central Indian (93) Shorea forest (Pandey and Shukla 
2003). The high species richness in the present Shorea forest 
may be attributed to low altitude, higher plot number, size and 
variation in climatic or biotic factors in contrast to other reported 
Shorea forests. 105 species were also recorded in the secondary 
Teak community, which may have been due to its proximity to 
the primary forest and less competitive stress of Teak than Sho¬ 
rea. The diameter classes based selective logging was also evi¬ 
dent from the maximum DI value (5.09) in Teak community, 
which created gaps in the stand and hence reducing competition 
for water and nutrients (Denslow et al. 1980; Sapkota et al. 2009) 
enhanced the accumulation of both light and shade loving spe¬ 
cies in those Teak dominated community. However, increasing 
the biological diversity has been reported in the plantation due to 
the successional development of understorey into middle canopy 
(Lugo 1997; Parrrotta et al. 1997; Powers et al. 1997; Carnevale 
and Montagnini 2002). The present species richness of Teak 
community was greater than Saha (2001) with 46 tree species in 
Teak plantation from dry deciduous forest of Central India; 37 
species by Koonkhunthod et al. (2007), 46 species by Neer- 
anathpibul and Sangtongpraow (2002) at >4.5cm DBH, 13 to 43 
year old plantation; Kaewkrom et al. (2005) recorded 59 species 
from 12 year old plantation and Bunyavejchewin (1984) with 68 
species from Northern Thailand. The Shannon-Wiener index of 
diversity for the observed Shorea community (2.75) was lower 
than that reported by Uma Shankar (2001), Pandey and Shukla 
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(2003) and Kumar et al. (2006). While, the secondary Teak 
community grasped the maximum Shannon-Wiener index (3.39) 
and found greater than other planted Teak (2.47 to 2.68) reported 
by Koonkhunthod et al. (2007) in Northern Thailand. 

Tree density and stand structural differences 

The density of primary Shorea community (464.77 trees-ha -1 ) 
was greater than rest other communities. The density of Shorea 
community increased due to S. robusta, which contributed 
33.75% of total density and it is a disturbance-tolerant species 
(Pandey and Shukla 2001) with high regeneration ability was 
probably accelerated by moderate disturbance index (4.37). At 
>30 diameter class the present mean density of Shorea commu¬ 
nity (464.77 ha -1 ) was found closed to Pandey and Shukla (1999) 
451 trees-ha -1 ; Shukla and Pandey (2000) 484 trees-ha -1 ; Jha and 
Singh (1990) 294 to 559 trees-ha -1 ; Singh et al. (1995) 180 to 
860 trees-ha -1 and quite lower than Kumar et al. (2006) 724 to 
980 trees-ha -1 and Pande (1999) 1150 to 1920 trees-ha -1 . Since, 
some Shorea plots were tranquilly managed under RF categories 
and contributed 2.96% of mature Shorea tree at 210 to >300 cm 
DBH. At the periphery of RF or fragmented Shorea forests dis¬ 
turbance occurred moderately than the least disturbed interior of 
RF. Hence, maximum number of trees (58.36%) were recorded 
at young stage (>30 to 60 cm DBH), which evident that those 
forests were successively conquered from past disturbances be¬ 
cause density of smaller trees may increase after disturbance 
(Macedo and Anderson 1993; Bhat et al. 2000; Chittibabu and 
Parthasarathy 2000; Bhuyan et al. 2003). The mean stand density 
of primary Schima community (336.25 trees-ha -1 ) was also com¬ 
parable to different Indian moist deciduous forests and present 
value was lower than the stem density ha -1 recorded for different 
Indian tropical moist deciduous forest at >30cm diameter 407 in 
Eastern Ghats tropical moist deciduous forest (Reddy et al. 2008) 
and greater than at >10cm diameter 276 (Ghate et al. 1998); 352 
(Sundarapandian and Swamy 1997) from Western Ghats Moist 
deciduous forest. The mean stem density of present Teak com¬ 
munity was observed lower than the expected density 730 
trees-ha -1 based on thinning practices (Koonkhunthod et al. 
2007); 410 trees-ha -1 (Chuntanapapb 1969) and very closed to 
375 trees-ha -1 (Chalermpongse 1992); 316.7 trees-ha -1 (Koonk¬ 
hunthod et al. 2007) in Northern Thailand. This was also very 
smaller than the density (960 to 2500 trees-ha -1 ) reported from 
Satpura Plaeatu in Madhya Pradesh (Pande 2001) at >1 DBH. 

The mean basal area of Shorea community 26.21 m 2 -ha -1 
(range 10.59-101.68 m 2 -ha -1 ) was found comparable to 43.9 
m 2 -ha -1 (Pandey and Shukla 1999); 56.2 m 2 -ha -1 (Shukla and 
Pandey 2000) and 14.5 to 71.8 m 2 -ha -1 (Singh et al. 1995). The 
high basal area in some plots were recorded mainly due to occur¬ 
rence of 1.85% old Shorea tree at >240 cm DBH in some mature 
Shorea forest towards the core of RF. On the other hand, primary 
Schima community represented the fragmented moist mixed 
deciduous forest which was mostly acquired by public and com¬ 
paratively biotic pressure increased to some extend than pro¬ 
tected Shorea forests. The mean basal area of Schima community 
11.47 m 2 -ha -1 was quite lower than 33.7 m 2 -ha -1 reported by 
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Sundarapandian and Swamy (1997). As expected the mean basal 
area of both secondary Teak (10.76 m 2 -ha -1 ) and Hevea (10.57 
m -ha ) communities were found comparatively lower than pri¬ 
mary Shorea and Schima community corresponded to moderate 
or absence of population density at higher DBH classes. The 
basal area of Teak community was found very closed to Koonk- 
hunthod et al. (2007) 9.4 m 2 -ha -1 and lower than Pande (2001) 
93.93 to 155.48 m 2 -ha“‘. 

Population dominance and rarity 

The quadratic relationship between species richness and number 
of individuals in the predominant group (>50 individuals ) with 
an increasing trend was observed higher in case of primary Sho¬ 
rea community with 86.06% of individuals (density 400-ha -1 ) 
and 25 species followed by 55% of individuals (density 367.25 
trees-ha -1 ) with 14 species in secondary Teak community (Fig. 
3a); may be due to high species richness of other co¬ 
predominant species which has local adaptability in Shorea 
community and may be influenced by direct competition for 
niche. Some mid storey and under storey tree species of pre¬ 
dominance group contributed high density due to high capacity 
of prolific sprouting and ramet production of fast colonizing 
species viz. M. paniculata , H. antidysenterica , Antidesma spp., B. 
retusa , C. oblongifolius , M. phillippensis etc. in Shorea commu¬ 
nity. The pattern of relationships among the common group sug¬ 
gested an increasing trend of common species richness with in¬ 
creasing density especially in Schima and Teak communities; 
this may be due to less competitive stresses of T. grandis and S. 
wallichii than S. robusta. While trend of rare species richness 
was high in case of primary Schima community as this is the 
largest local primary vegetation and still holds many unique 
species at different level of successions which may increase the 
process of rareness and possibly lose many species during forest 
maturation. Sometime loses of species could also be related to 
allelopathy (MacMahon and Schimpf 1981). However, the 
dominant and very rare groups showed significant linear rela¬ 
tionship among the four different communities, as dominance 
increased as a function of stress (Keel and Prance 1979), which 
may have been due to past damage (Richards 1996; Burnham 
2002) resulted early accumulation and regeneration of some local 
oligarchic tree species. Thus competition among other co¬ 
dominant and co-predominant species might enhance some spe¬ 
cies dominance and rareness especially in Teak and Shorea 
communities during the restoration of forest gaps by H. anti¬ 
dysenterica ,, M. paniculata, B. malabarica , S. cerasoides , G. 
ass arnica, Antidesma spp., B. retusa , C. oblongifolius , M. phil¬ 
lippensis etc. Overall, 17 tree species (out of 144) were recorded 
as very rare species with <2 individuals (out of 10957), which 
could be considered as singleton species and may have been 
attributed to their high resource extraction or low regeneration 
capacity within such habitat and sometime may have been coped 
unsuitably by predominant and dominant species of the represen¬ 
tative communities. However, many widespread species tend to 
be locally abundant in certain areas and relatively rare in others 
(Hubbel and Foster 1983). Despite of cutting or logging for fu- 


elwood and timber requirements, local forest dwellers were also 
engaged in extraction of NTFPs for edible fruits (Majumdar and 
Datta 2009) and ethno-medicinal usage (Majumdar et al. 2006) 
from a variety of trees. Saraca asoka (Bark) and Entada phase- 
oloides (Seed) etc. were used by the forest dependent people for 
wide range of ethno-medicinal formulations (Majumdar and 
Datta 2007). The occurrences of other single tree species may 
have been due to their low regeneration capacity, which may be 
further influenced by existing predominant species in the repre¬ 
sentative communities. Although, sometime this may also be due 
to species specific relations or preferred associationships among 
those tree communities. 

Diameter classes and stand maturity 

The present tree density was decreasing with increasing DBH 
classes, which is a typical characteristic of Tropical forest in 
Malaysia (Poore 1968; Ho et al. 1987), Costa Rica (Lieberman et 
al. 1985; Nadkarni et al. 1995), Brazilian Amazon (Swaine et al. 
1987; Campbell et al. 1992), Sungei Menyala in Malaysia 
(Manokaran and Kochummen 1987) and Mudumalai in India 
(Sukumar et al. 1992). The primary Shorea community was more 
mature than the rest other communities and represents all DBH 
classes. Since, some parts of Shorea forests receiving protection 
under RF categories, where selective logging was relatively less 
in the core than the periphery of the RF. Lacking of 240-270 cm 
DBH class in primary Schima community and 210-300 cm in 
secondary Hevea community or low number of mature tree in 
other larger DBH classes in those tree communities suggested 
enough historic logging. Hence, very low abundance of mature 
voluminous tree and enough forest canopy gaps were resulted in 
those tree communities. 

Disturbances 

Different levels and types of disturbance have differential im¬ 
pacts on forest communities (Halpern and Spies 1995) and have 
been considered an important factor for structuring forest com¬ 
munities (Foster 1980; Pandey and Shukla 2003). The number of 
logged or dead trees in a forest could be an important indicator of 
such disturbance levels as observed by the absence of mature 
trees in the higher DBH classes. Maximum DI value was re¬ 
corded for Secondary Teak community which was again sup¬ 
ported by the presence of maximum number of young individu¬ 
als (63.42%) of smallest diameter class of 30-60 cm. Because, 
majority of individuals within lower diameter classes resulted 
after selective logging (Johns 1983). Hence, development of 
local oligarchic small tree species were enhanced; which colo¬ 
nized rapidly with in the gaps of the community and concurrently 
an alternative non-equilibrium situation was also set up that 
might brought variation or change (increase) in species diversity 
by providing opportunity for those oligarchic tree species to 
establish during early or secondary formations and to modify the 
earlier stable community. Hence, high species diversity in pre¬ 
sent tree communities supports the intermediate disturbance 
hypothesis (Connell 1978). 
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Family Importance Value and forest characterization 

Based on the FIV, four major association of predominant fami¬ 
lies could be classified for lowland moist deciduous to moist 
mixed deciduous forests Viz. Dipterocarpaceae, Moraceae, Eu- 
phorbiaceae, Combretaceae and Lamiaceae for Shorea commu¬ 
nity; Theaceae, Euphorbiaceae, Moraceae, Myrtaceae and Com¬ 
bretaceae for Schima community; Moraceae, Lamiaceae, Eu¬ 
phorbiaceae, Combretaceae and Apocynaceae for Teak commu¬ 
nity; Euphorbiaceae, Moraceae, Anacardiaceae, Lythraceae and 
Mimosaceae for Hevea community. In Neotropical deciduous 
forests most speciose family is Leguminosae followed by Bigno- 
niaceae (Gentry 1995). Leguminosae is a predominant family in 
many Indian deciduous forest, whereas Lauraceae, Meliaceae, 
Combretaceae, Rubiaceae, Euphorbiaceae and Moraceae etc. 
elsewhere in other forest types of India (Sukumar et al. 1992; 
Murali et al. 1996; Uma Shankar 2001). In the present analysis 
Dipterocarpaceae of Shorea community stood first due to high 
density and basal area of S. robusta which increased overall FIV 
(79.14). Moraceae (12) and Euphorbiaceae (11) were recorded 
most speciose family for the present Shorea forest instead of 
Papilionaceae for Shorea forest in Northern India (Pandey and 
Shukla 2003). But the trend of high species richness of Euphor¬ 
biaceae in the present Shorea community was observed in sev¬ 
eral evergreen forests of Western Ghats (Kadavul and Par- 
thasarathy 1999; Parthasarathy 1999; Jayakumar et al. 2009) and 
in the Andaman Island (Padalia et al. 2004). While, Theaceae 
(FIV 58.42) for primary Schima community stand first due to 
highest density and basal area of S. wallichii. Euphorbiaceae (7), 
Moraceae (8), Myrtaceae (4) and Combretaceae (3) were re¬ 
corded as speciose families for present Schima dominant com¬ 
munity; which found similar to several other Indian tropical 
moist deciduous forest, where Combretaceae, Leguminaceae, 
Bombacaceae, Rubiaceae and Meliaceae etc. forming the group 
of main predominant families (Pandey et al. 1986; Gowda 2002; 
Ilorkar and Khatri 2003; Padalia et al. 2004; Sen et al. 2008). 
Surprisingly, Moraceae (FIV 34.45) in secondary Teak commu¬ 
nity stood first instead of Lamiaceae (FIV 33.37) due to maxi¬ 
mum species richness of Moraceae (13 species). This trend of 
dominance by Moraceae was also recorded similar to human- 
impacted tropical evergreen forest of Eastern Ghats with ten 
species (Chittibabu et al. 2000). Higher species richness in 
Moraceae was recorded for all community types due to locally 
availability of A. chama, A. lakocha and several other Ficus spp; 
their local adaptability and strong dispersal capacity might facili¬ 
tate by several frugivorous birds and animals. Especially, 
Trachypithecus pileatus (Blyth 1843), capped langur, status- 
Vulnerable A2cd+3cd ver3.1 (Das et al. 2008) was observed 
feeding on tender leaves of Aartocarpus chama, A. lacocha, B. 
ceba and G. pinnata, F. glumerata, A. lucida during field study 
in Shorea dominated community. Since, they preferred to eat 
90% tree species and spent 68% of their annual feeding time 
eating leaves; which includes mature and young leaves, petioles 
of Ficus spp, Gmelina arborea, Albizzia spp, Morus levi- 
gata,Kedia calycina, Bombax ceiba, and Sterculia villosa etc. 
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They are the most important preferred food resources of this 
species (Solanki et al. 2008a) and most of the trees were decidu¬ 
ous type. Most preferred tree family composition for the habitat 
of capped langur includes Moraceae, Mileaceae, Anacardiaceae, 
Euphorbiaceae, Lauraceae, Verbenaceae (Lamiaceae), Stercu- 
laceae (Malvaceae) and Myrtacea etc. (Gupta 1998; Solanki et al. 
2008a). While present habitat of capped languor was predomi¬ 
nated by Dipterocarpaceae, Moraceae, Euphorbiaceae, Combre¬ 
taceae and Lamiaceae etc. families which provided available 
food resources. The deciduousness and lower occurrences of 
evergreen or other preferred tree species (Solanki et al. 2008b) in 
the present habitat could be a threatening alarm for survival and 
breeding of this fragmented population of capped langur in ab¬ 
sence of preferred foraging resources especially during dry sea¬ 
sons. Since, ca. 90% of tree species shed their leaves in Shorea 
dominated community during winter months. Seasonal scarcity 
of preferred diet items due to phenological gaps and low density 
of evergreen trees may cause man-langur conflicts in Shorea 
dominated forests. Because there exist available agriculture lands 
surrounding the present langur habitat which extensively using 
for potato and other winter crop productions. Otherwise, capped 
langur may be bound to alter their preferred diet choices into 
tender leaves, buds and fruits (ripe/unripe) of G. pinnata , T. 
cilliata , L. monopetella , A. scholaris , S. personatum , A. 
acuminata , E. officinalis , H. exelsum , T. bellirica , B. retusa , M. 
paniculata and D. pentagyna. etc. Since, buds, young leaves and 
fruits appeared in most of these trees during dry periods. 

In the NMS ordination, Dipterocarpaceae (FIV 79.14) the rep¬ 
resentative of Shorea community was placed positively on both 
axes due to highest density and basal area of S. robusta and some 
extent accelerated by 33 tree species (out of 105 ) represented by 
five predominant families. Theaceae (FIV 58.42) representative 
of Schima community was placed negatively on axis-II due to 
relatively low species richness (23 out of 83) in five predominant 
families and comparatively low basal area of Schima dominated 
community than Shorea dominated community. On the other 
hand, Lamiaceae (FIV 33.37) was negatively placed on axis-I 
due to lower density and basal area of the five predominant fami¬ 
lies, which was positively placed on axis-II due to comparatively 
high species richness (35 out of 105) in the five predominant 
families. Euphorbiaceae (FIV 101.17) representative of secon¬ 
dary Hevea dominated communities was placed negatively on 
both axes; this may be due to comparatively low species richness 
(26 out of 63) and low basal area of the five predominant than 
rest other communities. Moraceae was negatively placed on 
axis-I due to lower basal area and positively on axis-II due to 
highest species richness as compared to other representative 
predominant families. High FIV of Moraceae especially in sec¬ 
ondary Teak community may shift the secondary Teak popula¬ 
tion by native species richness of Moraceae, where Moraceae 
tree species may contribute maximum for both IVI and FIV to be 
the top predominant family over existing Lamiaceae and Eu¬ 
phorbiaceae species especially in case of Teak dominated com¬ 
munity. Such competitions among the families may alter the 
present forest dynamics and simultaneously may increase with 
changing of disturbance intensity; which partially may boost up 
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by several seed dispersal agents during secondary forest forma¬ 
tions. Because, species belongs to Moraceae have the advan¬ 
tages of attractive colored receptacle, lovability in taste, high 
seed production and stock, small achene, universally eaten by 
frugivore and high germination ability even on unsuitable habitat 
(tree hole, dead wood, stone and barren land). 

Conclusion 

Four major tree community types were identified and described 
for Tripura state for the first time, which will be served as base¬ 
line information for management of those lowland primary and 
secondary moist deciduous forests in Tripura. Tree diversity and 
stand structure were significantly differed along primary and 
secondary forest communities. The population estimation sug¬ 
gested several species were under threats of local extinction. The 
past and present level of disturbances resulted in predominance 
of several local oligarchic small tree species which directly 
changing the typical pattern of forest structure during secondary 
succession. The lowland primary Sal forest holds rich tree diver¬ 
sity which can be used for conservation of many threatened flora 
and fauna especially for conservation of capped langur. The sec¬ 
ondary Teak forests also facilitated the growth and restoration of 
many indigenous tree species and in addition Moraceae species 
slowly altering the patterns of secondary Teak forests through 
their local availability and adaptability. 
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Appendix I. Density, basal area, important value index (IVI) of the tree species in four different tree communities of Tripura. 


Tree Community Association 




Primary Forest 




Secondary Forest 


Sal dominated 

Schima dominated 

Teak dominated 

Havea dominated 

Species 

Family 

DEN 

BA 

IVI 

DEN 

BA 

IVI 

DEN 

BA 

IVI 

DEN 

BA 

IVI 

Acronychia pedunculata (L.) Miq. 

Rutaceae 

0.54 

0.08 

0.50 

0.50 

* 

0.62 

- 

- 

- 

- 

- 

- 

Aegle marmelos (L.) Correa 

Rutaceae 

0.23 

0.01 

3.99 

0.50 

0.01 

0.47 

1.25 

0.07 

1.80 

0.67 

0.02 

1.30 

Aglaia spectabilis Miq. 

Meliaceae 

0.08 

* 

3.23 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Alangium chinensis (Lour.) Rehder 

Alangiaceae 

- 

- 

- 

- 

- 

- 

0.50 

0.02 

0.48 

- 

- 

- 

Alangium salvifolium (L.f.) Wang 

Alangiaceae 

- 

- 

- 

- 

- 

- 

0.63 

0.01 

0.61 

- 

- 

- 

Albizia chinensis (Osbeck) Merr 

Mimosaceae 

1.08 

0.05 

2.92 

3.50 

0.55 

7.33 

4.00 

0.22 

4.83 

6.67 

0.26 

6.89 

Albizia lebbeck (L.) Benth. 

Mimosaceae 

0.23 

0.02 

2.68 

3.50 

0.10 

2.31 

2.50 

0.18 

3.40 

2.00 

0.06 

3.01 

Albizia procera (Roxb.) Benth. 

Mimosaceae 

3.62 

0.23 

2.42 

2.25 

0.13 

3.50 

6.00 

0.36 

6.97 

1.67 

0.09 

3.55 

Alstonia scholaris (L.) R. Br. 

Apocynaceae 

0.46 

0.01 

1.62 

2.00 

0.11 

3.07 

0.75 

0.02 

0.81 

1.67 

0.02 

2.52 

Ampelocissus barbata (Wall.) Planch. 

Vitaceae 

0.38 

* 

0.48 

- 

- 

- 

- 

- 

- 

1.00 

0.04 

1.99 

Anacardium occidental L. 

Anacardiaceae 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Anogeissus acuminata Wall. 

Combretaceae 

6.38 

1.15 

10.49 

1.75 

0.45 

4.89 

4.13 

0.79 

9.61 

- 

- 

- 

Anthocephalus chinensis (Lamk.) A. Rich 

Rubiaceae 

0.23 

0.01 

2.00 

- 

- 

- 

- 

- 


0.33 

0.01 

0.62 

Antidesma bunius (L.) Spreng. 

Euphorbiaceae 

0.31 

* 

3.28 

- 

- 

- 

- 

- 


- 

- 

- 

Aphanamixis polystachya (Wall.) Parker 

Meliaceae 

0.77 

0.02 

1.83 

1.50 

0.04 

1.69 

2.63 

0.06 

2.12 

- 

- 

- 

Aquilaria malaccensis Lamk. 

Thymelaeaceae 

- 

- 

- 

- 

- 

- 

0.25 

* 

0.21 

- 

- 

- 

Archiodendron sp. 

Mimosaceae 

- 

- 

- 

0.50 

* 

0.61 

- 

- 

- 

- 

- 

- 

Artocarpus chama Buch.-Ham. ex Wall 

Moraceae 

23.85 

3.44 

18.65 

7.00 

0.39 

7.89 

7.63 

0.54 

9.80 

12.67 

0.83 

15.59 

Artocarpus heterophyllus Lamk. 

Moraceae 

0.08 

* 

0.60 

2.75 

0.21 

3.94 

4.63 

0.35 

6.11 

3.00 

0.26 

6.06 

Artocarpus lakoocha Roxb. 

Moraceae 

0.23 

0.01 

1.61 

- 

- 

- 

0.38 

0.01 

0.41 

1.00 

0.08 

1.95 

Azadirachta indica A. Juss. 

Meliaceae 

- 

- 

- 

- 

- 

- 

0.13 

* 

0.15 

- 

- 

- 

Bauhinia malabarica Roxb. 

Caesalpiniaceae 

1.62 

0.04 

0.56 

21.00 

0.55 

14.66 

7.50 

0.22 

6.66 

4.33 

0.07 

3.82 

Bischofia javanica BI. 

Euphorbiaceae 

- 

- 

- 

- 

- 

- 

0.25 

0.01 

0.35 

- 

- 

- 

Bombax ceiba L. 

Bombacaceae 

1.23 

0.19 

8.68 

0.25 

* 

0.33 

1.00 

0.07 

1.61 

1.00 

0.02 

1.80 

Brassaiopsis glomerulata (BI.) Regel. 

Araliaceae 

- 

- 

- 

0.25 

* 

0.31 

- 

- 

- 

- 

- 

- 

Brassaiopsis griffithii C. B. Clarke. 

Araliaceae 

0.15 

* 

5.93 

- 

- 

- 

0.50 

* 

0.56 

- 

- 

- 

Bridelia assamica Hook./ 

Euphorbiaceae 

- 

- 

- 

- 

- 

- 

0.13 

0.00 

0.14 

- 

- 

- 

Bridelia pubescens Kurz 

Euphorbiaceae 

- 

- 

- 

- 

- 

- 

- 

- 

- 

0.67 

0.01 

0.71 


^ Springer 
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Primary Forest 




Secondary Forest 


Sal dominated 

Schima dominated 

Teak dominated 

Havea dominated 

Species 

Family 

DEN 

BA 

IVI 

DEN 

BA 

IVI 

DEN 

BA 

IVI 

DEN 

BA 

IVI 

Bridelia retusa (L.) Spreng. 

Euphorbiaceae 

1.38 

0.05 

1.77 

3.00 

0.06 

3.10 

5.00 

0.11 

3.99 

1.00 

0.01 

1.74 

Butea parviflora Roxb. 

Papilionaceae 

- 

- 

- 

- 

- 

- 

0.50 

0.01 

0.49 

- 

- 

- 

Callicarpa arborea Roxb. 

Lamiaceae 

3.23 

0.08 

4.40 

2.75 

0.06 

2.84 

5.13 

0.09 

4.26 

3.33 

0.07 

3.49 

Canthium glabrum BI. 

Rubiaceae 

- 

- 

- 

- 

- 

- 

0.13 

* 

0.14 

- 

- 

- 

Carey a arborea Roxb. 

Lecythidaceae 

25.92 

1.09 

10.49 

13.75 

0.45 

12.72 

7.25 

0.27 

7.09 

11.00 

0.23 

7.58 

Cassia fistula L. 

Caesalpiniaceae 

10.15 

0.28 

3.38 

4.00 

0.07 

3.33 

6.13 

0.15 

5.48 

2.67 

0.12 

3.79 

Cassia renigera Wall, ex Benth. 

Caesalpiniaceae 

0.15 

* 

2.54 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Cassia siamea Lamk. 

Caesalpiniaceae 

4.00 

0.16 

1.66 

- 

- 

- 

3.75 

0.14 

3.16 

- 

- 

- 

Castanopsis armata D. Don 

Fagaceae 

1.00 

0.11 

3.40 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Castanopsis indica A. DC. 

Fagaceae 

- 

- 

- 

1.00 

0.05 

0.95 

- 

- 

- 

- 

- 

- 

Chaetocarpus castanicarpus (Roxb.) Thw. 

Euphorbiaceae 

5.62 

0.10 

2.61 

- 

- 

- 

0.50 

0.01 

0.53 

- 

- 

- 

Cinnamomum obtusifolium Nees. 

Lauraceae 

0.08 

* 

1.43 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Cordia dichotoma Forst./ 

Ehretiaceae 

- 

- 

- 

0.25 

* 

0.31 

0.63 

0.03 

0.68 

- 

- 

- 

Cordia grandis Roxb. 

Ehretiaceae 

0.23 

0.01 

1.06 

0.50 

0.01 

0.63 

0.63 

0.03 

0.90 

- 

- 

- 

Croton oblongifolius Roxb. 

Euphorbiaceae 

0.69 

0.02 

0.73 

4.75 

0.10 

3.96 

1.00 

0.03 

1.06 

2.67 

0.06 

3.61 

Crypteronia glabra Endl. 

Lythraceae 

0.08 

* 

0.53 

- 

- 

- 

0.13 

0.00 

0.17 

0.67 

0.01 

0.72 

Dalbergia lanceolaria L. f 

Papilionaceae 

0.54 

0.01 

0.30 

- 

- 

- 

- 

- 


- 

- 

- 

Dalbergia stipulacea Roxb. 

Papilionaceae 

- 

- 

- 

- 

- 

- 

0.13 

* 

0.14 

- 

- 

- 

Dalbergia thomsonii Benth. 

Papilionaceae 

- 

- 

- 

- 

- 

- 

0.50 

0.02 

0.44 

- 

- 

- 

Dalbergia volubilis Roxb. 

Papilionaceae 

0.38 

* 

0.23 

- 

- 

- 

0.13 

* 

0.14 

0.33 

* 

0.58 

Derris robusta (Roxb.) Benth. 

Papilionaceae 

2.85 

0.14 

1.52 

3.00 

0.06 

1.84 

2.63 

0.08 

2.82 

0.33 

0.01 

0.67 

Desmos longiflorus (Roxb.) Safford. 

Annonaceae 

0.08 

* 

0.79 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Dillenia pentagyna Roxb. 

Dilleniaceae 

4.77 

0.21 

1.88 

3.50 

0.09 

3.58 

1.50 

0.12 

2.12 

- 

- 

- 

Diospyros peregrina Guerke. 

Ebenaceae 

- 

- 

- 

- 

- 

- 

0.63 

0.01 

0.47 

- 

- 

- 

Dipterocarpus turbinatus Gaertn. 

Dipterocarpaceae 

11.62 

1.08 

6.76 

0.25 

* 

0.31 

0.63 

0.02 

0.70 

0.67 

0.01 

0.74 

Duabanga grandiflora (Roxb. ex DC.) Walp. 

Sonneratiaceae 

- 

- 

- 

- 

- 

- 

0.63 

0.02 

0.65 

0.67 

0.04 

1.49 

Dysoxylum procerum Hiern. 

Meliaceae 

0.08 

* 

0.08 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Elaeocarpus floribundus BI. 

Elaeocarpaceae 

- 

- 

- 

0.50 

0.04 

0.68 

- 

- 

- 

- 

- 

- 

Elaeocarpus robustus BI. 

Elaeocarpaceae 

0.23 

0.07 

0.37 

0.50 

0.01 

0.66 

- 

- 

- 

- 

- 

- 

Elaeocarpus sp. 

Elaeocarpaceae 

- 

- 

- 

- 

- 

- 

0.13 

* 

0.15 

1.33 

0.01 

1.43 

Emblica officinalis Gaertn. 

Euphorbiaceae 

5.15 

0.07 

1.65 

3.50 

0.04 

3.50 

1.25 

0.01 

1.15 

0.67 

0.01 

0.71 

Engelhardia spicata Lechen ex BI. 

Junglandaceae 

- 

- 

- 

1.00 

0.03 

1.24 

- 

- 

- 

- 

- 

- 

Entada phaseoloides (L.) Merr. 

Mimosaceae 

0.08 

* 

0.08 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Erioglossum rubiginosum (Roxb.) BI. 

Sapindaceae 

0.08 

0.01 

0.13 

- 

- 

- 

0.13 

0.00 

0.14 

1.00 

0.01 

1.72 

Erythrina arborescens Roxb. 

Papilionaceae 

0.08 

0.01 

0.12 

- 

- 

- 

2.25 

0.07 

1.79 

1.33 

0.08 

2.08 

Eugenia macrocarpa Roxb. 

Myrtaceae 

1.85 

0.63 

3.12 

0.50 

0.01 

0.67 

- 

- 


- 

- 

- 

Eugenia praecox Roxb. 

Myrtaceae 

0.15 

0.01 

2.19 

- 

- 

- 

- 

- 


- 

- 

- 

Ficus auriculata Lour. 

Moraceae 

0.15 

0.00 

3.24 

0.25 

0.02 

0.42 

2.13 

0.05 

1.72 

0.67 

0.02 

0.83 

Ficus benghalensis L. 

Moraceae 

- 

- 

- 

0.50 

0.01 

0.69 

- 

- 


- 

- 

- 

Ficus benjamina L. 

Moraceae 

- 

- 

- 

- 

- 

- 

0.50 

0.03 

0.51 

- 

- 

- 

Ficus fistulosa Reinw. ex Blume 

Moraceae 

- 

- 


- 

- 

- 

- 

- 

- 

0.33 

0.01 

0.62 

Ficus hirta Vahl. 

Moraceae 

0.08 

0.00 

1.88 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Ficus hispida L f 

Moraceae 

3.23 

0.05 

2.02 

4.75 

0.10 

4.90 

7.00 

0.19 

5.80 

2.00 

0.02 

1.74 

Ficus lepidosa Wall. 

Moraceae 

- 

- 

- 

- 

- 

- 

1.63 

0.03 

1.29 

- 

- 

- 

Ficus nervosa Heyne. ex Roth. 

Moraceae 

0.31 

* 

1.17 

0.25 

0.03 

0.56 

1.13 

0.03 

1.03 

- 

- 

- 

Ficus racemosa L. 

Moraceae 

0.38 

0.01 

0.18 

0.75 

0.04 

0.97 

0.38 

* 

0.43 

2.00 

0.07 

3.06 

Ficus religiosa L. 

Moraceae 

0.38 

0.24 

2.87 

- 

- 

- 

0.13 

0.07 

0.76 

- 

- 

- 

Ficus semicordata Buch-Ham. ex Smith 

Moraceae 

0.69 

0.02 

1.68 

0.50 

0.02 

0.79 

1.75 

0.03 

1.72 

0.33 

0.01 

0.66 

Ficus virens Ait. 

Moraceae 

0.62 

0.16 

2.14 

- 

- 

- 

0.25 

0.02 

0.37 

- 

- 

- 

Firmiana colorata (Roxb.) R.Br. 

Sterculiaceae 

2.23 

0.03 

1.56 

1.50 

0.03 

1.75 

3.88 

0.07 

3.32 

0.33 

0.01 

0.61 

Flacourtia jangomas (Lour.) Raeusch. 

Flacourtiaceae 

- 

- 

- 

- 

- 

- 

0.13 

* 

0.14 

- 

- 

- 

Garcinia cowa Roxb. ex DC. 

Guttiferae 

3.46 

0.11 

4.22 

0.75 

0.01 

0.99 

2.13 

0.03 

1.93 

- 

- 

- 

Gardenia resinifera Roth 

Rubiaceae 

0.38 

0.02 

0.54 

2.75 

0.10 

2.80 

0.13 

* 

0.15 

- 

- 

- 

Garuga pinnata Roxb. 

Burseraceae 

4.15 

0.09 

2.91 

1.50 

0.03 

1.56 

1.50 

0.03 

1.57 

0.67 

0.01 

1.15 

Glochidion assamicum Hook./ 

Euphorbiaceae 

6.15 

0.11 

2.11 

9.25 

0.10 

7.31 

5.13 

0.09 

3.75 

0.67 

0.05 

1.54 

Gmelina arborea L. 

Lamiaceae 

1.77 

0.13 

0.95 

- 

- 

- 

4.75 

0.16 

4.10 

- 

- 

- 

Grewia hirsuta Vahl 

Tiliaceae 

0.23 

* 

0.38 

1.00 

0.01 

0.61 

1.00 

0.02 

0.88 

- 

- 

- 

Grewia viminea Wall, ex Burret. 

Tiliaceae 

0.08 

* 

0.28 

- 

- 

- 

0.75 

0.01 

0.66 

- 

- 

- 


Springer 
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Primary Forest 



Secondary Forest 


Sal dominated 

Schima dominated 

Teak dominated 

Havea dominated 

Species 

Family 

DEN 

BA 

IVI 

DEN 

BA 

IVI 

DEN 

BA 

IVI 

DEN 

BA 

IVI 

Heteropanax fragrans Seem. 

Araliaceae 

- 

- 

- 

- 

- 

- 

1.88 

0.04 

1.88 

- 

- 

- 

Hevea brasiliensis Muell.-Arg. 

Euphorbiaceae 

- 

- 

- 

- 

- 

- 

- 

- 

- 

110.33 

4.75 

88.71 

Holarrhena antidysenterica G. Don. ex DC. 

Apocynaceae 

9.92 

0.17 

2.90 

13.75 

0.21 

8.91 

30.63 

0.52 

18.17 

14.33 

0.20 

10.55 

Hymenodictyon excelsum (Roxb.)Wall. 

Rubiaceae 

1.23 

0.02 

2.33 

0.75 

0.01 

0.99 

2.00 

0.04 

1.90 

0.33 

* 

0.58 

Indigofer a atropurpurea F.-Ham. 

Papilionaceae 

- 

- 

- 

- 

- 

- 

0.25 

* 

0.19 

- 

- 

- 

Kurrimia pulcherrima Wall. 

Celastraceae 

- 

- 

- 

0.50 

0.10 

1.23 

- 

- 

- 

- 

- 

- 

Lagerstroemia parviflora Roxb. 

Lythraceae 

11.77 

0.21 

4.43 

10.25 

0.19 

7.94 

12.38 

0.50 

11.51 

17.67 

0.46 

13.76 

Lagerstroemia speciosa (L.) Pers. 

Lythraceae 

0.08 

* 

0.40 

1.50 

0.02 

1.22 

- 

- 

- 

- 

- 

- 

Lannea coromandelica (Houtt.) Merr. 

Anacardiaceae 

7.69 

0.58 

4.12 

13.25 

0.34 

11.03 

16.25 

0.66 

15.87 

14.67 

0.44 

14.67 

Lithocarpus spicata (Smith) Rehd. 

Fagaceae 

0.38 

0.01 

0.39 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Litsea glutinosa (Lour.) C. B. Robinson 

Lauraceae 

2.46 

0.04 

1.39 

3.25 

0.06 

3.20 

8.38 

0.15 

6.48 

5.67 

0.09 

5.76 

Litsea monopetalla (Roxb.) Pers. 

Lauraceae 

0.23 

0.01 

0.73 

- 

- 

- 

2.25 

0.10 

2.53 

0.67 

0.01 

1.16 

Macaranga denticulata (BI.) Muell.-Arg. 

Euphorbiaceae 

1.08 

0.02 

0.82 

5.25 

0.11 

4.42 

2.63 

0.08 

2.46 

4.67 

0.08 

4.52 

Macarangapeltada (Roxb.) Mueller. 

Euphorbiaceae 

0.38 

0.01 

0.49 

- 

- 

- 

0.50 

0.01 

0.48 

- 

- 

- 

Macropanax undulatus (Wall, ex G. Don) Seem. 

Araliaceae 

- 

- 

- 

1.00 

0.01 

1.02 

- 

- 

- 

- 

- 

- 

Maesa ramentacea (Roxb.) A. DC. 

Myrsinaceae 

0.92 

0.01 

2.42 

0.75 

0.01 

0.93 

1.13 

0.03 

1.07 

- 

- 

- 

Mallotus philippensis (Lamk.) Muell.-Arg. 

Euphorbiaceae 

2.00 

0.04 

1.87 

1.00 

0.01 

1.07 

8.63 

0.15 

6.54 

2.67 

0.04 

3.01 

Mangifera indica L. 

Anacardiaceae 

- 

- 

- 

0.75 

0.05 

1.34 

0.13 

0.01 

0.20 

0.33 

0.07 

1.17 

Markhamia stipulata (Wall.) Seem. 

Bignoniaceae 

3.15 

0.12 

1.60 

2.25 

0.12 

2.99 

3.63 

0.06 

3.22 

- 

- 

- 

Meyna spinosa Roxb. 

Rubiaceae 

0.38 

* 

0.16 

1.75 

0.03 

1.47 

0.88 

0.03 

1.08 

0.33 

* 

0.57 

Michelia sp. 

Magnoliaceae 

0.31 

0.08 

0.42 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Microcos paniculata L. 

Tiliaceae 

9.08 

0.15 

2.84 

7.75 

0.15 

6.15 

11.38 

0.17 

7.84 

9.33 

0.13 

7.80 

Micromellum intergifolium (F.-Ham. ex DC.) Wight & Am. Rutaceae 

- 

- 

- 

0.50 

0.00 

0.61 

- 

- 

- 

- 

- 

- 

Mitragyna rotundifolia (Roxb.) O. Ktze 

Rubiaceae 

6.38 

0.30 

2.76 

4.25 

0.06 

3.12 

6.63 

0.10 

5.55 

2.33 

0.05 

3.82 

Oroxylum indicum (L.) Vent. 

Bignoniaceae 

1.92 

0.05 

1.23 

1.75 

0.03 

1.83 

4.00 

0.08 

3.47 

2.00 

0.03 

2.27 

Parkia roxburghii G. Don. 

Mimosaceae 

- 

- 

- 

- 

- 

- 

0.25 

0.01 

0.33 

- 

- 

- 

Pterospermum acerifolium Willd. 

Sterculiaceae 

0.15 

* 

0.23 

1.75 

0.03 

1.88 

1.00 

0.02 

0.94 

3.00 

0.13 

4.39 

Pterospermum semisagittatum F.-Ham. ex Roxb. 

Sterculiaceae 

1.77 

0.05 

0.76 

0.25 

* 

0.32 

2.38 

0.08 

2.01 

0.33 

* 

0.57 

Sapium baccatum Roxb. 

Euphorbiaceae 

0.15 

0.02 

0.55 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Saraca asoca (Roxb.) de Wilde. 

Caesalpiniaceae 

0.08 

* 

0.15 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Saurauia roxburghii Wall. 

Saurauiaceae 

0.38 

0.07 

0.49 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Schima wallichii (DC.) Korth. 

Theaceae 

20.31 

1.30 

9.44 

85.25 

3.65 

64.30 

0.75 

0.03 

0.98 

9.67 

0.32 

7.55 

Semecarpus anacardium L.f 

Anacardiaceae 

0.08 

* 

0.16 

0.50 

0.01 

0.49 

- 

- 

- 

- 

- 

- 

Shorea robusta Gaertn. 

Dipterocarpaceae 156.85 

9.66 

70.67 

3.00 

0.13 

2.23 

1.50 

0.04 

1.39 

- 

- 

- 

Spondias pinnata (L. f.) Kurz 

Anacardiaceae 

0.23 

0.01 

0.14 

0.50 

0.02 

0.72 

0.13 

* 

0.16 

0.67 

0.05 

1.56 

Sterculia villosa Roxb. ex Masters 

Sterculiaceae 

2.92 

0.04 

0.93 

1.75 

0.05 

1.41 

3.50 

0.10 

3.25 

1.67 

0.02 

1.65 

Stereospermum personatum (Hassk.) Chatterjii 

Bignoniaceae 

2.23 

0.16 

1.65 

1.25 

0.03 

1.29 

2.25 

0.08 

2.29 

- 

- 

- 

Streblus asper Lour. 

Moraceae 

0.62 

0.01 

0.32 

- 

- 

- 

5.25 

0.08 

3.85 

2.00 

0.02 

2.18 

Suregada multiflora (A. Juss.) Baill. 

Euphorbiaceae 

3.85 

0.06 

1.12 

5.75 

0.08 

4.13 

3.88 

0.06 

3.21 

- 

- 

- 

Symplocos ferruginea Roxb. 

Symplocaceae 

0.15 

* 

0.55 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Syzygium cerasoides (Roxb.) Chatt. 

Myrtaceae 

6.08 

0.23 

2.32 

10.00 

0.18 

8.24 

4.00 

0.17 

4.75 

4.67 

0.37 

8.51 

Syzygium cumini (L.) Skeels 

Myrtaceae 

6.54 

0.51 

3.43 

2.50 

0.76 

8.63 

6.63 

0.28 

7.11 

4.00 

0.13 

5.14 

Syzygium fruticosum DC. 

Myrtaceae 

0.23 

* 

0.13 

5.75 

0.07 

3.60 

0.13 

* 

0.17 

- 

- 

- 

Syzygium jambos (L.) Alston 

Myrtaceae 

0.08 

* 

0.09 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Tamarindus indica L. 

Caesalpiniaceae 

- 

- 

- 

- 

- 

- 

0.38 

0.02 

0.60 

- 

- 

- 

Tectona grandis L.f 

Lamiaceae 

18.77 

0.46 

8.17 

- 

- 

- 

37.00 

1.17 

26.44 

4.67 

0.16 

4.36 

Terminalia bellirica (Gaertn.) Roxb. 

Combretaceae 

23.85 

1.03 

9.31 

16.25 

0.44 

11.64 

16.38 

0.50 

13.64 

8.00 

0.25 

8.53 

Terminalia chebula Retz. 

Combretaceae 

0.23 

0.04 

0.27 

1.00 

0.03 

1.38 

0.13 

* 

0.14 

- 

- 

- 

Toona ciliata M. Roem. 

Meliaceae 

- 

- 

- 

1.00 

0.02 

1.15 

0.63 

0.02 

0.72 

1.00 

0.02 

0.99 

Trema orientalis (L.) BI. 

Ulmaceae 

0.69 

0.02 

0.36 

1.25 

0.02 

1.61 

4.00 

0.20 

4.62 

1.00 

0.10 

2.20 

Trewia nudiflora L. 

Euphorbiaceae 

- 

- 

- 

- 

- 

- 

0.13 

* 

0.14 

- 

- 

- 

Vitex altisima L.f 

Lamiaceae 

- 

- 

- 

1.75 

0.03 

1.46 

- 

- 

- 

- 

- 

- 

Vitex peduncularis Wall ex Scauer. 

Lamiaceae 

6.92 

0.23 

2.43 

6.50 

0.17 

5.77 

2.88 

0.04 

2.29 

1.33 

0.02 

1.93 

Vitex pubescens Vahl. 

Lamiaceae 

1.00 

0.02 

0.36 

0.50 

0.02 

0.56 

0.25 

* 

0.19 

- 

- 

- 

Xantolis assamica (C.B. Clarke.) van Royen 

Sapotaceae 

0.69 

0.01 

0.24 

- 

- 

- 

0.38 

* 

0.34 

- 

- 

- 

Zanthoxylum limonella (Dennst.) Alston 

Rutaceae 

0.08 

* 

0.34 

1.00 

0.02 

1.07 

0.75 

0.02 

0.87 

- 

- 

- 

Ziziphus rugosa Lamk. 

Rhamnaceae 

4.23 

0.06 

1.32 

4.50 

0.05 

3.09 

5.13 

0.06 

3.20 

1.00 

0.01 

1.72 

Ziziphus xylopyra Willd. 

Rhamnaceae 

- 

- 

- 

0.25 

* 

0.31 

0.50 

0.01 

0.52 

- 

- 

- 

Total 


464.77 26.21 

300 

336.25 

11.47 

300 

333.88 10.76 

300 

299.67 

10.57 

300 


*BA value <0.01 


4^ Springer 
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Appendix II. Family-wise tree species richness, density, basal area and family important value (FIV) in four different tree communities of Tri¬ 


pura. 


Primary Forest community Secondary Forest community NMS 

Family Sal dominated Schima dominated Teak dominated Havea dominated Ordination 



SP 

DEN 

BA 

FIV 

SP 

DEN 

BA 

FIV 

SP 

DEN 

BA 

FIV 

SP 

DEN 

BA 

FIV 

Axis -1 

Axis-2 

Alangiaceae 

- 

- 

- 

- 

- 

- 

- 

- 

2 

1.125 

0.02 

2.44 

- 

- 

- 

- 

0.08 

-0.01 

Anacardiaceae 

3 

8.00 

0.59 

6.83 

4 

15 

0.43 

13.08 

3 

16.5 

0.67 

14.05 

4 

16.67 

0.59 

17.48 

-0.12 

-0.04 

Annonaceae 

1 

0.08 

* 

0.97 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

0.09 

0.00 

Apocynaceae 

2 

10.38 

0.18 

4.82 

2 

15.75 

0.32 

9.89 

2 

31.38 

0.54 

16.31 

2 

16 

0.22 

10.6 

-0.07 

0.07 

Araliaceae 

1 

0.15 

* 

0.99 

2 

1.25 

0.01 

2.9 

2 

2.375 

0.05 

3.04 

- 

- 

- 

- 

0.05 

-0.01 

Bignoniaceae 

3 

7.31 

0.32 

5.67 

3 

5.25 

0.18 

6.76 

3 

9.875 

0.23 

7.92 

1 

2 

0.03 

2.55 

-0.02 

-0.01 

Bombacaceae 

1 

1.23 

0.19 

1.95 

1 

0.25 

* 

1.33 

1 

1 

0.07 

1.91 

1 

1 

0.02 

2.08 

0.06 

0.00 

Burseraceae 

1 

4.15 

0.09 

2.19 

1 

1.5 

0.03 

1.92 

1 

1.5 

0.03 

1.68 

1 

0.67 

0.01 

1.87 

0.06 

0.00 

Caesalpiniaceae 

5 

16.00 

0.48 

10.04 

2 

25 

0.62 

15.27 

4 

17.75 

0.54 

14.12 

2 

7 

0.19 

7.31 

-0.10 

0.03 

Celastraceae 

- 

- 

- 

- 

1 

0.5 

0.1 

2.23 

- 

- 

- 

- 

- 

- 

- 

- 

0.08 

0.01 

Combretaceae 

3 

30.46 

2.22 

17.87 

3 

19 

0.91 

17.27 

3 

20.63 

1.29 

21.03 

1 

8 

0.25 

6.64 

-0.14 

0.10 

Dilleniaceae 

1 

4.77 

0.21 

2.76 

1 

3.5 

0.09 

3.08 

1 

1.5 

0.12 

2.52 

- 

- 

- 

- 

0.06 

0.01 

Dipterocarpaceae 

2 

168.46 

10.74 

79.14 

2 

3.25 

0.13 

4.54 

2 

2.125 

0.07 

3.15 

1 

0.67 

0.01 

1.89 

0.11 

0.20 

Ebenaceae 

- 

- 

- 

- 

- 

- 

- 

- 

1 

0.625 

0.01 

1.24 

- 

- 

- 

- 

0.08 

-0.01 

Ehretiaceae 

1 

0.23 

0.01 

1.05 

2 

0.75 

0.01 

2.73 

2 

1.25 

0.06 

2.83 

- 

- 

- 

- 

0.05 

-0.01 

Elaeocarpaceae 

1 

0.23 

0.07 

1.25 

2 

1 

0.05 

3.14 

1 

0.125 

* 

1.01 

1 

1.33 

0.01 

2.15 

0.06 

0.00 

Euphorbiaceae 

11 

26.77 

0.49 

18.12 

7 

32.5 

0.49 

22.48 

12 

29 

0.56 

25.33 

8 

123.33 

5 

101.17 

-0.44 

-0.32 

Fagaceae 

2 

1.38 

0.13 

2.68 

1 

1 

0.05 

1.96 

- 

- 

- 

- 

- 

- 

- 

- 

0.08 

0.01 

Flacourtiaceae 

- 

- 

- 

- 

- 

- 

- 

- 

1 

0.125 

* 

1 

- 

- 

- 

- 

0.08 

0.00 

Guttiferae 

1 

3.46 

0.11 

2.1 

1 

0.75 

0.01 

1.57 

1 

2.125 

0.03 

1.86 

- 

- 

- 

- 

0.07 

0.00 

Junglandaceae 

- 

- 

- 

- 

1 

1 

0.03 

1.81 

- 

- 

- 

- 

- 

- 

- 

- 

0.08 

0.01 

Lamiaceae 

5 

31.69 

0.93 

15.12 

4 

11.5 

0.28 

10.77 

5 

50 

1.47 

33.37 

3 

9.33 

0.25 

10.2 

-0.25 

0.03 

Lauraceae 

3 

2.77 

0.05 

3.65 

1 

3.25 

0.06 

2.7 

2 

10.63 

0.25 

7.37 

2 

6.33 

0.09 

6.18 

0.00 

0.01 

Lecythidaceae 

1 

25.92 

1.09 

10.67 

1 

13.75 

0.45 

9.21 

1 

7.25 

0.27 

5.62 

1 

11 

0.23 

7.43 

0.00 

0.05 

Lythraceae 

3 

11.92 

0.22 

6.24 

2 

11.75 

0.21 

7.73 

2 

12.5 

0.5 

10.31 

2 

18.33 

0.47 

13.74 

-0.06 

0.02 

Magnoliaceae 

1 

0.31 

0.08 

1.31 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

0.08 

0.00 

Meliaceae 

3 

0.92 

0.02 

3.14 

2 

2.5 

0.07 

3.77 

3 

3.375 

0.08 

4.63 

1 

1 

0.02 

2.14 

0.03 

-0.01 

Mimosaceae 

4 

5.00 

0.3 

6.01 

4 

9.75 

0.78 

14.55 

4 

12.75 

0.77 

14.76 

3 

10.33 

0.41 

12.13 

-0.12 

-0.02 

Moraceae 

12 

30.62 

3.94 

33.07 

8 

16.75 

0.83 

21.97 

13 

32.75 

1.43 

35.44 

9 

24 

1.32 

34.79 

-0.45 

0.25 

Myrsinaceae 

1 

0.92 

0.01 

1.19 

1 

0.75 

0.01 

1.5 

1 

1.125 

0.03 

1.56 

- 

- 

- 

- 

0.08 

0.00 

Myrtaceae 

6 

14.92 

1.39 

14.24 

4 

18.75 

1.02 

19.35 

3 

10.75 

0.46 

10.31 

2 

8.67 

0.49 

10.74 

-0.13 

0.01 

Papilionaceae 

4 

3.85 

0.17 

5.28 

1 

3 

0.06 

2.63 

7 

6.375 

0.18 

10.26 

3 

2 

0.1 

6.35 

-0.02 

-0.05 

Rhamnaceae 

1 

4.23 

0.06 

2.08 

2 

4.75 

0.05 

4.32 

2 

5.625 

0.07 

4.23 

1 

1 

0.01 

2 

0.03 

0.00 

Rubiaceae 

5 

8.62 

0.35 

7.95 

4 

9.5 

0.22 

9.59 

5 

9.75 

0.17 

9.3 

4 

3.33 

0.06 

8.04 

-0.07 

-0.05 

Rutaceae 

3 

0.85 

0.1 

3.41 

4 

2.5 

0.04 

5.93 

2 

2 

0.09 

3.37 

1 

0.67 

0.02 

2.02 

0.02 

-0.02 

Sapindaceae 

1 

0.08 

0.01 

1.02 

- 

- 

- 

- 

1 

0.125 

* 

1 

1 

1 

0.01 

2 

0.08 

-0.01 

Sapotaceae 

1 

0.69 

0.01 

1.13 

- 

- 

- 

- 

1 

0.375 

* 

1.11 

- 

- 

- 

- 

0.08 

0.00 

Saurauiaceae 

1 

0.38 

0.07 

1.32 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

0.08 

0.00 

Sonneratiaceae 

- 

- 

- 

- 

- 

- 

- 

- 

1 

0.625 

0.02 

1.33 

1 

0.67 

0.04 

2.21 

0.08 

-0.01 

Sterculiaceae 

4 

7.08 

0.13 

5.82 

4 

5.25 

0.11 

7.44 

4 

10.75 

0.27 

9.5 

4 

5.33 

0.16 

9.66 

-0.06 

-0.04 

Symplocaceae 

1 

0.15 

* 

0.99 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

0.08 

0.00 

Theaceae 

1 

20.31 

1.3 

10.26 

1 

85.25 

3.65 

58.42 

1 

0.75 

0.03 

1.47 

1 

9.67 

0.32 

7.83 

0.12 

-0.21 

Thymelaeaceae 

- 

- 

- 

- 

- 

- 

- 

- 

1 

0.25 

* 

1.07 

- 

- 

- 

- 

0.08 

-0.01 

Tiliaceae 

3 

9.38 

0.15 

5.45 

2 

8.75 

0.16 

6.41 

3 

13.13 

0.19 

8.59 

1 

9.33 

0.13 

5.9 

-0.02 

0.01 

Ulmaceae 

1 

0.69 

0.02 

1.18 

1 

1.25 

0.02 

1.76 

1 

4 

0.2 

3.99 

1 

1 

0.1 

2.91 

0.04 

0.01 

Vitaceae 

1 

0.38 

* 

1.05 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

0.08 

0.00 

Total 

105 

464.74 

26.23 

300 

82 

336.25 

11.48 

300 

105 

333.90 

10.77 

300 

63 

299.66 

10.56 

300 

mm 

0.00 


*BA value <0.01 
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